INTRODUCTION
Dental phosphate-bonded investments have typically been utilized to cast high melting point alloys like base metals1). Recently, they were also available for titanium casting2-4), high-karat gold alloys for veneering with dental porcelain and the accelerated casting method5). However, it is well-known that this type of investment leads to a poorer environment from which ammonia gas was released from the mold through the casting procedure6,7). The ammonia gas was produced by dissolution of ammonia dihydrogen magnesium phosphate during firing that was produced at setting between magnesium oxide and ammonium dihydrogen phosphate. This ammonia is harmful for humans. In addition, operators may also be affected by the ammonia gas.
We have been developing a phosphate-bonded investment without ammonium dihydrogenphosphate8).
This type of investment is expected to have a great advantage for the health of laboratory workers because the compounds do not release ammonia gas. We previously reported that experimental ammonia-free phosphatebonded investments with Mg(H2PO4)2 were desirable for dental casting investments based on some properties such as strength, dimensional change and manipulation9) .
In our previous study9), we tested Mg(H2PO4)2 powder by mixing with both cristobalite and MgO powder. However, Mg(H2PO4)2 solution was expected to be better than Mg(H2PO4)2 powder since Mg(H2PO4)2 solution was entirely ionized into water before mixing. In addition, the liquid condition was useful for long-term storage because the powder easily degenerates in a moist environment. The purpose of this study was to investigate the effects of Mg(H2PO4)2 solution for experimental ammonia-free phosphate-bonded investments. 
MATERIALS

RESULTS
The results of setting time are shown in Fig. 1 . According to the decrease in the Fig. 1 SiO2 and P as phosphorus are shown in Fig. 10 . Although A was strongly covered by
Si and P, more P was detected on the surface of F.
DISCUSSION
We previously reported8,9) that Mg(H2PO4)2 could successfully substitute NH4H2PO4 and would be acceptable as a dental phosphate-bonded investment. The composition of the experimental ammonia-free investments was very similar to conventional type . Although there were different kinds of powder in the investment , chemical reactions between binder materials did not occur without water . The setting reaction started from the ionization of the components by mixing with water or special liquid . Mg (H2PO4)2 was easily water-soluble like NH4H2PO4. However, since cristobalite and MgO were entirely insoluble, the Mg(H2PO4)2 powder surrounded by fine particles may lose the opportunity to dissolve in water. In addition, the solution was clearly more stable than powder, except for vaporization. Therefore, Mg(H2PO4)2 solution was expected to overcome the shortcomings of Mg(H2PO4)2 powder as a binder .
The rate of Mg(H2PO4)2 for MgO increased in alphabetical order since the volume of the solution was constant at 40ml. The molds became fragile alphabetically and took much time to set by the decrease in the MgO/Mg(H2PO4)2 ratio, as shown in Fig. 1, 2 and 3 . Investment A appeared to be difficult to apply for laboratory use because it was too brittle and set fast. These influences on the MgO/Mg(H2PO4)2 ratio are consistent with our previous findings8). Consequently , we could assert that MgO played an important role for immediate setting and hardening.
Regarding the expansion of molds, the molds with less MgO such as E or F were found to be advantageous.
In particular, they showed outstanding setting expansion . Furthermore, it was suggested to be also favorable for thermal expansion because less MgO equaled more cristobalite.
However, each thermal expansion of the invest- 
